Background. Cholangiocarcinoma (CC) frequently presents at an advanced stage and the majority of patients are unresectable at diagnosis. We sought to examine our recent experience with surgical resection for hilar and peripheral CC. Methods. A review of all CC patients who presented to our multidisciplinary liver cancer center for evaluation of their CC between January 2000 and August 2008 was performed. Demographics, therapeutic management, pathologic characteristics, and overall survival were analyzed. Results. A total of 280 patients were evaluated over the 8-year period, and 222 patients (79%) were unresectable at presentation. Fifty-eight out of 280 patients were candidates for resection, of whom, 51 patients underwent resection. Hilar CC was identified in 27 patients (53%) and peripheral CC was present in 24 patients (47%). Morbidity and 90-day mortality were 61 and 9.8%, respectively. Overall, negative margin (R0) resection was achieved in 26 patients (51%). Using multivariate Cox regression analysis, only margin status was found to be a significant predictor of survival (p = 0.009). Compared with peripheral CC, hilar CC was associated with shorter overall survival (p = 0.001) and higher rates of positive margins (p = 0.001) and perineural invasion (p = 0.02), and no difference in angiolymphatic, portal vein, and lymph node involvement. Conclusions. Survival benefits can be achieved with resection for cholangiocarcinoma. Given the lack of effective alternative therapy, when confronted with the potential risk of positive margins or isolated nodal disease, we continue to advocate aggressive surgical resection for both hilar and peripheral CC with the ultimate goal of negative margin resection.
Management of cholangiocarcinoma remains a significant challenge. Complete surgical resection provides the only potential for cure, but most patients present with unresectable disease. 1 Most clinical series on cholangiocarcinoma present patients referred for surgical resection alone, making it difficult to determine the resectability rate of this rare cancer. Three studies provided an estimate of the resectability rate in their series of cholangiocarcinoma patients presenting for initial evaluation for resection. [2] [3] [4] They found that 32-42% of patients were resectable with curative intent, while 58.2-67.6% were unresectable, either at presentation or at exploration. The extent of resection has also been debated, but increasing evidence shows that concomitant liver resection in pursuit of complete resection of the bile duct cancer is associated with increased survival. 2, 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Complete resection with negative margins is the best option for patients. However, if there is concern that lymph nodes are involved or that obtaining negative margins may be difficult, should this preclude a patient from undergoing surgical resection? Kitagawa et al. found that long-term survival was still possible in patients with pN2 (periportal, common hepatic, posterior pancreaticoduodenal, celiac, and superior mesenteric lymph nodes) and pM1 disease, suggesting that aggressive surgical resection with extended lymph node dissection in selected patients with hilar cholangiocarcinoma was warranted. 22 Hemming et al. found that patients with microscopically positive margin (R1 resection) still had some benefit in survival compared with patients with locally advanced, unresectable disease who were bypassed.
In addition, few studies have compared hilar cholangiocarcinoma with peripheral cholangiocarcinoma. Nakagohri et al. compared their series of patients with hilar versus peripheral cholangiocarcinoma and found that patients with hilar cholangiocarcinoma had significantly worse 5-year survival and more frequent perineural invasion and nodal involvement. 23 Although many series on cholangiocarcinoma have been published, spanning multiple decades, the present study provides an analysis of patients' initial presentation with cholangiocarcinoma to the University of Pittsburgh Liver Cancer Center. Since January 2000, this modern series includes patients with unresectable cancer, to evaluate the proportion of patients with cholangiocarcinoma who were curative resection candidates. We also identified pathologic factors that are associated with survival. In addition, we compared hilar cholangiocarcinoma with peripheral cholangiocarcinoma and identified different pathologic features associated with each subtype.
METHODS

Patients
Between January 2000 and August 2008, a total of 280 patients with cholangiocarcinoma were evaluated at the University of Pittsburgh Liver Cancer Center. This study was performed under University of Pittsburgh Institutional Review Board approval. A history and physical examination, laboratory studies, and imaging studies, including a computed tomography (CT) scan or magnetic resonance imaging (MRI) study, were obtained. Diagnosis was based on imaging and biopsy. Tumors were classified as hilar cholangiocarcinoma if the tumor originated at the hilar bifurcation. Tumors that originated proximal to the hilar bifurcation were classified as peripheral cholangiocarcinoma. Resectability was based on imaging studies. Patients with elevated bilirubin due to bile obstruction from the cholangiocarcinoma underwent either endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic cholangiography (PTC) with stent placement. Predrainage and preoperative bilirubin levels were recorded. Patients with predicted functional liver reserve (FLR) \20%, underwent portal vein embolization.
Operative Details
For a planned open liver resection, patients were explored through bilateral subcostal incisions. Extrahepatic metastasis or extensive bilobar disease, not identified on CT scan or MRI, precluded further exploration and resection. Concomitant liver resection was performed with the extrahepatic bile duct in most cases in pursuit of a negative margin. If the caudate lobe was involved or close to the tumor margin, then a caudate lobectomy was also performed; however, a caudate lobectomy was not routinely performed. Hilar lymphadenectomy was performed for all hilar cholangiocarcinoma and selectively for peripheral cholangiocarcinoma. A standard hepaticojejunostomy with 50-cm isoperistaltic Roux-en-Y jejunal limb was constructed as needed.
Statistics
Demographic, perioperative, and postoperative data including sex, age, body mass index (BMI), transarterial chemoembolization (TACE), biliary drainage, tumor markers, operative time (OR) time, blood loss, tumor size, length of stay, mortality, and morbidity were obtained from a medical record review. The data were imported into SPSS v.16 for analysis. Descriptive statistics were employed to characterize the sample. Chi-square analyses were performed to test differences between pathological groups. Two-side p-value of \0.05 was considered statistically significant. Univariate Kaplan-Meier (Breslow) survival analysis was employed to test differences between groups in terms of median survival. For survival analysis, the five patients with perioperative deaths were excluded. Multivariate Cox regression analysis was used on variables that were suggested by univariate analysis to be significant.
RESULTS
Patient Characteristics
The majority of patients were male (59.3%) and median age was 60 years (range 22-91 years) ( Table 1) . Median body mass index (BMI) was 27 kg/m 2 (range 18-39.5 kg/m 2 ). At presentation, the majority of patients were unresectable 222/280 (79.3%) based on imaging. A total of 58 patients were taken to the operating room and explored for potential resection. Seven patients (2.5%) were found to be unresectable (four due to extrahepatic metastasis and three due to extensive bilobar disease at surgical exploration). The remaining 51 patients (18.2%) underwent surgical resection.
Perioperative treatment included transarterial chemoembolization (TACE), portal vein embolization (PVE), percutaneous transhepatic cholangiogram (PTC) with catheter placement, and endobiliary stent placement. A total of 106/280 patients (37.9%) underwent TACE. Of these patients, 99/229 (43.2%) were unresected patients and 7/51 (13.7%) were resected patients. Four of the resected patients underwent TACE before resection to downstage the tumor and three patients underwent TACE after resection for intrahepatic recurrence. At presentation, median bilirubin was 11.9 mg/dl (range 0.2-30.3 mg/dl). A total of 23/51 (45.1%) of the resected patients underwent biliary drainage: 13/51 (25.4%) received endoscopic endobiliary drainage, 4/51 (7.8%) received PTC placement prior to presentation, and 11/51 (21.6%) received PTC placement after presentation. Three patients underwent both endobiliary and PTC drainage. Median bilirubin for the resected patients prior to operation was 0.8 mg/dl (range 0.1-15.9 mg/dl). One patient (2%) underwent PVE.
In the resected patients, median carcinoembryonic antigen (CEA) level was 1.4 ng/ml (range 0.5-745.8 ng/ ml; normal \ 0.5 ng/ml), carbohydrate antigen 19-9 (CA 19-9) was 60.6 units/ml (range 4-19,000 units/ml; normal \38.0 units/ml), and alpha-fetoprotein (AFP) was 4 lg/l (range 2-15 lg/l; normal \2 lg/l). Bile duct resection without liver resection was performed in three patients. One patient had in situ cholangiocarcinoma with negative proximal and distal bile duct margins; therefore, liver resection was not performed. In two patients, the distal margin just superior to the duodenum was positive on frozen section, suggesting that a Whipple resection in addition to the liver resection would be necessary to clear the tumor; however, this was deemed high risk and therefore palliative bypass was performed for these patients.
For the 51 patients who underwent resection, median operative time was 458 min (range 96-777 min) with median blood loss of 150 ml (range 50-1,800 ml). Median tumor size was 6 cm (range 0.8-19 cm). Median length of hospital stay was 9 days (range 1-62 days).
Five deaths (9.8%) occurred in our series during the 90-day perioperative period, all in patients with hilar cholangiocarcinoma who underwent right lobectomy. When mortality rates were analyzed separately between patients with hilar and peripheral cholangiocarcinoma, the mortality rates were 18.5% (5/27) and 0% (0/24), respectively. None of the patients who died underwent portal vein embolization. Of the five patients who died, four patients developed liver failure, three patients had renal failure, one patient progressed to sepsis, and one patient developed portal vein thrombosis. One patient died of sepsis from a bowel perforation that required re-exploration. The median CA 19-9 level of the five patients was 257 units/ml (range 69-1,231.1 units/ml). All five patients had biliary drainage (two ERCP and stent placed, three PTC placed). Pathological characteristics of the five patients were as follows: 4/5 R1 status; 1 well-differentiated, 2 moderately differentiated, 2 poorly differentiated grade tumors; 5/5 positive perineural invasion; 3/5 positive angiolymphatic invasion; 3/5 positive portal vein invasion; 2/5 lymph node invasion.
Complications occurred in 31/51 (61%) patients. Median Clavien grade classification for complications was grade III (range I-V). Of the 51 patients who were resected, liver-related complications included liver failure (n = 4), portal vein thrombosis (n = 2), bile leak requiring ERCP and stent placement (n = 3), bile leak controlled with operative drain (n = 2), bile leak requiring re-exploration and revision of hepaticojejunostomy (n = 1), biliary obstruction requiring PTC catheter placement (n = 1), and ascites (n = 2). Surgery-related complications included wound infections (n = 5), bleeding from inferior vena cava (IVC) requiring re-exploration (n = 1), bowel perforation requiring re-exploration (n = 1), fascial dehiscence (n = 1), and intra-abdominal abscess requiring drain placement (n = 2). Other general complications included renal failure requiring dialysis (n = 3), transient renal insufficiency (n = 2), urinary tract infection (n = 2), pleural effusion requiring catheter placement (n = 4), deep vein thrombosis/pulmonary embolism (DVT/PE) (n = 2), stroke (n = 1), hemolytic reaction from blood transfusion (n = 1), and alcohol withdrawal (n = 1).
Factors Associated with Survival
Median survival for all 280 patients evaluated with cholangiocarcinoma at UPMC liver cancer center was 13 months (Table 3 ). Median survival for unresected patients was significantly worse than survival of all patients who underwent surgical resection (11 months versus 17 months, p = 0.03). Hilar cholangiocarcinoma was present in 27/51 (53.9%) patients and peripheral cholangiocarcinoma was present in 24/51 (47.1%) patients. Five perioperative deaths occurred in patients with hilar cholangiocarcinoma; therefore, these patients were not included in the long-term survival analysis (Tables 3 and 4) . When comparing patients who underwent resection for hilar cholangiocarcinoma with those who underwent resection for peripheral cholangiocarcinoma, patients with hilar cholangiocarcinoma had a worse outcome with median survival of 12 months, compared with patients with peripheral cholangiocarcinoma who had median survivals of 20 months (p = 0.007). Margin status was the major factor affecting survival. R0 resection was achieved in 51% of patients. Patients who underwent resection, regardless of tumor position or margin status, had median survival of 17 months, compared with unresected patients who had median survival of 11 months (p = 0.03). Patients with R0 resection had a significantly improved outcome with median survival of 30 months, compared with patients with R1 resection who had median survival of 11 months (p = 0.001). Margin status was further accessed at the distal bile duct margin (21.5% positive) and the proximal bile duct/parenchymal margin (37.2% positive). Patients with negative proximal duct/parenchymal margin had median survival of 30 months, compared with 11 months for patients with positive proximal duct/parenchymal margin (p = 0.001). Patients with negative distal duct margin also had better survival with median survival of 20 months, compared with patients with positive distal duct margin who had median survival of 8 months (p = 0.001).
Of the parameters that were assessed using KaplanMeier (Breslow) univariate analyses (Table 3) , tumor location (hilar/peripheral) (p = 0.001), margin status (p = 0.001), and perineural invasion (p = 0.02) were significantly associated with overall survival. Tumor stage (p = 0.44), angiolymphatic invasion (p = 0.32), portal vein invasion (p = 0.78), and lymph node metastasis (p = 0.38) did not affect overall survival.
The three factors that were found to be significant using univariate analyses (Kaplan-Meier) were included in a Cox regression multivariate analysis, evaluating predictors of survival (see below). The model, which included tumor location of tumor, margin status, and perineural invasion, was significant (chi-square = 18.1, p = 0.001). Margin status was the only significant predictor (p = 0.006), with positive margins being associated with decreased survival. A trend toward significance was observed, with peripheral tumors being associated with longer survival (p = 0.17) and perineural invasion being associated with decreased survival (p = 0.13).
Hilar Versus Peripheral Cholangiocarcinoma
When comparing hilar versus peripheral cholangiocarcinoma (Table 4) , resection for hilar cholangiocarcinoma was associated with a significantly higher rate of R1 margin status (70% versus 22%, p = 0.001). The R1 status was based on a higher rate of positive proximal bile duct/ parenchymal margin (57% versus 22%, p = 0.02) or positive distal bile duct margin (45% versus 0%, p = 0.003). In addition, hilar cholangiocarcinoma was associated with a significantly higher rate of perineural invasion (91% versus 40%, p = 0.001). There was no significant difference in the rate of positive angiolymphatic invasion (54% versus 62%, p = 0.63), portal vein invasion on pathologic specimen (16% versus 13%, p = 0.80) or lymph node metastasis (47% versus 64%, p = 0.39) between hilar and peripheral cholangiocarcinoma, respectively.
DISCUSSION
We present one of few studies to evaluate the percentage of patients with resectable cholangiocarcinoma with emphasis on prognostic factors that affect survival and comparisons between hilar and peripheral cholangiocarcinoma. Previous studies have found that 35.6-41.8% of patients who presented at a tertiary medical care center with various stages of cholangiocarcinoma are resectable with curative intent. 2, 3 We found that only 18.2% of our patients were resectable, while 81.8% were unresectable at initial presentation or at exploration. Our low resectability rate further emphasizes the need for earlier referral to a hepatobiliary surgeon; however, this is difficult given that patients often initially present to their primary care physician with advanced disease.
The overall mortality and morbidity rates were 9.8 and 61%, respectively, which are comparable to reported mortality and morbidity rates of 0-10 and 26-64%, respectively. [2] [3] [4] 19, 20, 22, [24] [25] [26] Among the hilar cholangiocarcinoma patients, the mortality rate was 18.5%, which underscores the complex nature of this subtype of cholangiocarcinoma and the operation required for complete resection. Liver failure occurred in four of the five patients who died during the perioperative period. None underwent portal vein embolization. Bile leaks occurred in six patients (11.8%), with only one patient requiring re-exploration and the remainder treated conservatively with percutaneous drainage and/or ERCP and stent placement.
We found that, even with the possibility of positive margins or lymph node involvement, patients who underwent resection had significantly improved survival compared with patients who were unresected. Achieving R0 resection is the ultimate goal, as this was the primary factor associated with improved survival using multivariate analysis. Median survival for R1 resections did not appear to be improved over unresected patients; however, R0 resection cannot be achieved without aggressive attempts at complete surgical resection. Contrary to other reports, we did not find lymph node involvement to be associated with survival. 4, 20, 22, 23, 25 We also found that patients with hilar cholangiocarcinoma had poorer survival compared with patients with peripheral cholangiocarcinoma. This may be due to the higher rate of positive margins and perineural invasion observed after resection for hilar cholangiocarcinoma.
Most studies on cholangiocarcinoma focus on hilar cholangiocarcinoma. Nakagohri et al. recently provided their institutional experience comparing hilar with peripheral cholangiocarcinoma over a 16-year period from 1981 to 1997. 23 Resectability rates were not assessed; however, similar to our results, they found a significantly worse outcome after surgical resection for hilar versus peripheral cholangiocarcinoma (5-year overall survival 4% versus 43%, respectively; p = 0.005) and a significantly worse outcome after resection with positive versus negative margins (5-year overall survival 8% versus 38%, respectively; p = 0.008). Compared with peripheral cholangiocarcinoma, hilar cholangiocarcinoma had more positive margins (88% versus 29%), more perineural invasion (100% versus 29%), and more lymph node metastasis (85% versus 7%). In addition, they found that perineural invasion (positive versus negative; 5-year survival of 7% versus 50%, respectively; p = 0.008) and lymph node metastasis (positive versus negative; 5-year survival of 0% versus 41%, respectively; p = 0.0004) were significant prognostic indicators of outcome. Our results found that perineural invasion was more prevalent in patients with hilar cholangiocarcinoma and associated with shorter survival in patients without perineural invasion; however, we did not find lymph node invasion as a predictor of worse outcome. Of note, in our series, lymph node metastasis was present in only 33.3% of all resected patients, 37% of resected hilar cholangiocarcinoma and 29.2% of resected peripheral cholangiocarcinoma. In Nakagohri et al.'s study, patients with hilar cholangiocarcinoma had 100% perineural invasion and 85% lymph node metastasis; however, in addition, they had 88% positive margin, which could be the main driving factor associated with poor survival, rather than perineural invasion and lymph node metastasis. Endo et al. (2008) presented their experience on peripheral, intrahepatic cholangiocarcinoma. 4 They noted an increase incidence of peripheral cholangiocarcinoma over their 16-year study period. They also found that lymph node metastasis was a poor prognostic indicator of survival. Lymph node metastasis occurred in 8.5% of patients with median disease-free survival of 7 months and median disease-specific survival of 14 months compared with patients without lymph node metastasis who had median disease-free survival of 16 months (p = 0.009) and median disease-specific survival of 36 months (p \ 0.001). Interestingly, surgical margins did not significantly affect disease-free (p = 0.56) or disease-specific survival (p = 0.095). They argued that ''patients with large, nodepositive or multifocal intrahepatic cholangiocarcinoma seem to derive little benefit'' from resection. This is in contrast to our finding that lymph node status was not a prognostic factor associated with survival and that margin status was the significant factor associated with survival. Jarnigan et al. also found that lymph node involvement had no impact on survival in patients with hilar cholangiocarcinoma and that complete resection with negative margin remains the only therapy that offers the possibility of longterm survival. 2 The literature remains controversial, as the two previously mentioned articles with differing findings are from the same institution. 2, 4 Similar to our findings, Hemming et al. found that patients who underwent an R0 resection had longer actuarial survival than patients with positive margins (median survival 53 months versus 24 months, p \ 0.01), which still had improved survival over patients who received palliative bypass (median survival 24 months versus 12 months, p \ 0.05), suggesting that resection, even with positive margin, was more beneficial, compared with no resection. 19 There was a difference in 5-year survival in patients with and without lymph node metastasis, but this did not reach statistical significance. The authors argued that negative margin status was the single most important factor in achieving prolonged survival.
Baton et al. also argued that R1 resection, in patients with no other risk factor, offered long-term survival. 24 Based on a 20-year series of 59 resections, R0 resection was achieved in 46% of patients and positive lymph nodes were found in 51% of patients. Morbidity and mortality were 42 and 5%, respectively. For resected patients, median survival was 32 months with overall survival at 1-, 3-, and 5-year of 82, 45, and 20%, respectively, compared with the 1-, 3-, and 5-year survival of 59, 11, and 6%, respectively, in unresected patients. After multivariate analysis, male gender (p = 0.0002), lack of preoperative chemotherapy (p = 0.005), R1 on biliary tract (p = 0.01), and celiac LN involvement (p \ 0.0001) were independent prognostic factors for poor overall survival. Of note, while celiac lymph node metastasis was predictive of poor overall survival, lymph node metastasis was not, although a trend was observed (p = 0.06). Ito et al. found that patients who underwent an R0 resection had median disease-specific survival of 65 months, compared with 4 months in unresected patients; but, in addition, patients who underwent an R1/R2 resection still had better disease-specific survival of 16 months compared with unresected patients (p \ 0.001). 3 
CONCLUSIONS
We report a large series of patients presenting with cholangiocarcinoma in the modern era. Our work shows that the majority of patients present with unresectable disease. Obtaining a negative margin is the most vital aspect of surgical resection for cholangiocarcinoma. In addition, resection for hilar cholangiocarcinoma was significantly associated with a higher rate of R1 resection and significantly worse survival compared with resection for peripheral cholangiocarcinoma. The presence of positive hilar lymph nodes was not associated with decrease survival and therefore does not preclude surgical resection.
